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5 

FIELD OF THE INVENTION 

This invention relates to compositions containing soft steroids, and methods of preparation 
thereof. In particular, this invention provides soft steroid-based medicaments suitable for 
administration via a dry powder inhaler. 

10 BACKGROUND OF THE DISCLOSURE 

Steroids operate by stimulating the transcription of certain genes, producing a variety of 
cellular effects, wiii'i ulticrerit sleroids aciivaSirig diffcrerLt genes. Steroids are therefore 
capable of being used in a wide range of treatments. In particular, conventional 
corticosteroids, such as glucocorticoids, have been commonly used as anti-inflammatory 
1 S agents for the treatment of inflammatory conditions and allergies. 

Steroid treatments are often administered by the use of inhalation techniques, including the 
use of pressiuised metered dose inhalers and dry powder inhalers. Such administration 
techniques have the advantage of transmitting the medicament through the alveoli directly 
into the blood stream, as opposed to oral administration whereby the medicament must first 

20 pass tiiroug^ the digestive system. Administration via inhalation techniques provides an 
additional advantage in treating lung-based afflictions, such as cystic fibrosis, emphys^n^ 
bronchitis, asthma, etc., in that the medicament is delivered directly to the site of action 
within the respiratory tract. An example of this is the use of the corticosteroid budesonide as 
an anti-inflammatory agent, which agent is most commonly used in dry powder inhalers for 

25 the treatment of asthma. 



wo 2005/041980 



PCT/US2004/036477 



Use of conventional steroid-based medicaments can, however, produce undesirable side 
effects which may severely limit Iheir usefulness. Besides the consequences that result from 
the suppression of the hypothalamic-pituitary-adrenal (HPA) axis, prolonged therapy with 
corticosteroids is also limited by complications such as fluid and electrol3^e abnormalities, 
5 hypertension, hyperglycemia, increased susceptibility to infection, osteoporosis, myopathy, 
behavioural disturbances, cataracts, growth arrest and fat distribution. 

Soft drugs are a new therapeutic concept using agents that undergo predicatable metabolism 
to inactive metabolites after exerting their therapeutic effect. Hence, they are designed by 
building into the molecule, in addition to the required activity, a desirable way in which the 
10 molecule is to be deactivated or detoxified. Ideally, the molecule is delivered to the site of 
action (e.g. the limg) and subsequently deactivated on absorption, thus reducing the 
likelihood of adverse events. 

Recently, a new dass of androstene-derived steroids, commonly known as soft steroids, 
have been developed which exhibit anti-inflammatory effects similar to those of 
15 conventional corticosteroids without the serious systemic side effects associated therewith. 
Examples of soft steroids having anti-inflammatory activity are disclosed in US-A-4710495, 
EP-B-0334853 and US-A-5981517. 

Pressurised metered dose inhalers, using volatile propeUants usually containing some 
aqueous solvent such as efhanol, have tended to be used in preference over dry powder 
20 inhalers for administering conventional steroids in the treatment of asthma. 

Although soft steroid substitutes for budesonide, such as etiprednol didoacetate, are 
potentially useful as medicaments, sudi soft steroid-based medicaments which are 
administered via presstuised metered dose inhalers containing aqueous solvents have 
proved difficult to formulate, due to their instability in the traditional solvents. Moreover, 
25 soft steroid medicaments based on conventional dry powder formulations will demonstrate 
poor ef fidency when used in dry powder inhalers for the treatment of asthma. 
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Consequently; it is an object of the present invention to provide a soft steroid-based 
foimulatioiv which when formulated as a medicament for patient application via an 
inhalation technique, such as via a dry powder inhaler, can demonstrate improved stability 
characteristics and a high efficiency of delivering the drug to the site of action within the 
respiratory tract. 

SUMMARY OF THE INVENTIQlSr 

The invention is directed towards a medicament suitable for use in a dry powder inhaler 
comprising particles of at least one soft steroid and at least one exdpienl; wherein said at 
least one soft steroid partides have an average volume mean diameter of less than about 20 
micrometers and said at least one exdpient particles have an average voltmtie mean diameter 
in the range of about 10 to about 1000 micrometers. 



The invention further envisages a method of preparing a medicament suitable for use in a 
dr>' pcv/der inhaler, said method comprising admixing partides of a soft steroid and an 
exdpient wherein said steroid partides have an average volume mean diameter of less than 

15 about 20 micrometers and said exdpient partides have an average mean diameter in the 
range of about 10 to about 1000 micrometers, as well as a method of treating a mammal with 
a medicament administered by way of a dry powder inhaler, said medicament comprising 
partides of a soft steroid and an exdpient wherein said steroid partides have an average 
volume mean diameter of less than about 20 micrometers and said exdpient partides have 

20 an average mean diameter in the range of about 10 to about 1000 micrometers. 

The invention also contemplates tiie use of a composition in the preparation of a 
medicament for the treatment of a mammal, said composition comprising partides of a soft 
steroid and an exdpient^ wherein said steroid partides have an average voliune mean 
diameter of less than about 20 micrometers and said exdpient partides have an average 
25 mean diameter in the range of about 10 to about 1000 micrometers. 

The invention further indudes a composition comprising partides of a soft steroid and an 
exdpient wherein said steroid partides have an average volume mean diameter of less than 
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about 20 microineters and said exdpient particles have an average mean diameter in the 
range of about 10 to about 1000 micrometeis. 

It has been found that the efficacy of soft steroid based medicaments for use with dry 
powder inhalers can be improved by preparing medicaments in which both the soft sieioid 
5 and an associated exdpient are provided in a controlled range of partide sizes. 

In one aspect the present invention provides a medicament suitable for use in a dry powder 
inhaler comprising partides of a soft steroid and an exdpient, wherein said steroid partides 
have an average volume mean diameter of less tiian about 20 micrometers and said 
exdpient partides have an average mean diameter in the range of about 10 to about 1000 
10 micrometers. 

In another aspect^ the present invention provides a method of preparing a medicament 
suitable for use in a dry powder inhaler, said method comprising admixing partides of a soft 
steroid and an exdpient, wherein said steroid partides have an average volume mean 
diameter of less than about 20 micrometers and said exdpient partides have an average 
1 5 mean diameter in the range of about 10 to about 1000 micrometers. 

In another aspect, the piesent invention provides a method of treating a mammal with a 
medicament administered by way of a dry powder inhaler, said medicament comprising 
partides of a soft steroid and an exdpient^ wherein said steroid partides have an average 
volume mean diameter of less than about 20 micrometers and said exdpient partides have 
20 an average mean diameter in the range of about 10 to about 1000 ncdcrometers. 

In another aspect, the present invention provides a composition comprising partides of a 
soft steroid and an exdpient^ wherein said steroid partides have an average volume mean 
di^neter of less than about 20 micrometers and said exdpient partides have an average 
mean diameter in the range of about 10 to about 1000 micrometers. 



25 In another aspect, the present invention provides the use of a composition in the preparation 
of a medicament for the treatment of a mammal, said composition comprising partides of a 
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soft steroid and an exdpient, wherein said steroid particles have an average volume mean 
diameter of less than about 20 micrometers and said exdpient partides have an average 
mean diameter in the range of about 10 to about 1000 micrometers. 

In another aspect, the present invention provides the use of a composition in the preparation 
5 of a medicament for the treatment of a respiratory tract or lung disease or disorder in a 
mammal, said composition comprising partides of a soft steroid and an exdpient, wherein 
said steroid partides have an average volxmie mean diameter of less than about 20 
micrometers and said exdpient partides have an average mean diameter in the range of 
about 10 to about 1000 micrometers. 

10 Medicaments of the invention can be formulated for adnunistration nasally or orally by way 
of dry powder inhalers, induding both pre-metered inhalers such as those wifh blister and 
capsule cartridges, and by way of metered dose inhalers such as the AIRMAX (trade mark of 
the Ivax Corporation) inhaler. 

The medicaments are preferably administered to humans, preferably for the treatment of 
1 5 respiratory tract or lung based diseases or disorders, sudi as asthma. 

Without wishing to be limited by tiiis possible explanation for the improved efficacy, it is 
believed the fine pardde fraction (EPF), i.e. the percentage of dmg that is likely to re^ch tiie 
lower airway imder the normal conditions of use of the conventional formulations of the 
prior medicaments are too low for the soft steroid to exert satisfactory therapeutic effects. 
20 When inhaling the medicaments of the present invention, however, the soft steroid is passed 
readily into the lower lungs and thereby contacts many more of the potential contact sites in 
the lungs. By contacrting the soft steroid witii more sites in the lungs, the medicament of the 
present invention is capable of demonstrating an improved efficacy over the prior 
medicaments. 
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BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a scanning electron micrograph showing micronised etiprednoal didoacetate 
(EDA) at X2000 magnification. 

Figure 2 is a scanning electron micrograph showing a typical lactose batch at x200 
5 magnification. 

Figure 3 is a scanning electron micrograph showing a typical blend containing lactose and a 
soft steroid, etiprednol didoacetate (EDA) at x 100 magnification. 

Figure 4 is the partide size distribution of several batches of etiprednol didoacetate 

DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 

10 In order to provide a soft steroid medicament with improved efficacy when delivered by 

provided within a controlled range of partide sizes. The volume mean diameter (VMD) of 
the soft steroid partides should, on average, be less than about 20 micrometers, whilst the 
VMD of the exdpient partides should, on average, be in the range of about 10 to about 1000 
15 micrometers. With medicaments prepared in accordance with these ranges, the soft steroid 
can be administered via inhalation; the soft steroid partides being transmitted deep into the 
limg by the inhaled air stream. Such formulations therefore enable delivery of the 
medicament via dry powder inhalers having excellent imif ormity of dose per deHvery with 
a high fine partide fraction of ttie soft steroid. 

20 A variety of androstene-derived soft steroids are disdosed in US-5981517, which is 
incorporated herein by reference in its entirety. This disdoses a range of soft steroids 
suitable for use in the present invention, although it will be appredated that the invention is 
not limited merely to those compounds listed. 

Soft steroids which may be part of the present inventive medicament comprise those defined 
25 by the structural formula: 
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Ri is Ci-Q alkyl, which is unsubstituted or which bears one substituent selected from the 
group consisting of chloro, fluoro, Ci-Q alkoxy, Ci-Q aUgrfhio, Ci-O allgrlsxilfinyl and Ci- 
Q alkylstdf onyl; 

Rs is hydrogen, a-hydroxy, P-hydroxy, a -methyl, p-methyl ^CHz, or a- or 

o 

p o'c!;cHCi2 

Ri is hydrogen, fluoro, or chloro; 

Rs is hydrogen, fluoro, chloro or methyl; 

Re is hydrogen, chloro or methyl; 

Xis-O-or-S-; 
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Z is carbonyl/ P-hydroxymethylene or P-chlorometiiylene; 

and the dotted line in ring A indicates that the 1,2-Iinkage is saturated or unsaturated. 

Within this group of compounds^ the following subgroups are preferred: 

(1) c^rnpoimdsinwhichRsisIiRtisH orFandRsisItFor CHa; 

5 (2) compounds in which Ra is a<3H[3 or P<3i3,R4 is H or F and Rs is H For 

(3) R3 is a-OH, pOH, a-OCOCHCh or p-OCOCHCh, is H or F and Rs is H, F or CHa. 

Particularly preferred compounds are those having one or more of the following structural 
characteristics: 

(1) Ri is imsubstituted Ci-O alkyl or chloromethyl^ especially when Ri is unsubstituted 
10 allgrl, most especially when Ri is ethyl or methyl; 

(2) Xis-O; 

(3) Z is p-hydrox3rmefhylene; 

(4) the 1,2-linkage is unsaturated; especially when the Rs, R* and Rs variables are the 



1 S One group of especially preferred compounds is defined by the structural formida: 



preferred ones described in the preceding paragraph. 



20 



O 
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wherein Rii is methyl, ethyt isopropyl or cMoromethyl, especially when Rai is methyl, ethyl 
or isopropyl. 

An exceptionally preferred soft steroid compoimd is ethyl 17a-dichloroacetoxy-llp- 
hydroxyandrosta-l,4-dien-3-one-17p-carboxylate, known as etiprednol didoacetate (EDA), 
5 which is defined by the structural formula: 



O CH2CH3 



10 




15 

A further exceptionally preferred soft steroid compoxmd, is chloromethyl 17a- 
ethoxycarbonyloxy-lip-hydroxyandrosta-l,4-diene-3-one-17p-carboxylate, known as 
loteprednol etabonate (LE), which is defined by the structure formula: 
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An alternative group of soft steroids which may be part of the present inventive f ormtdation 
comprise tiiose defined by the structural formula: 
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wherein: 

S6 is H or CH3, particularly when is CHS, and the remaining structural variables are as 
defined above. 

Withui this group of compounds, the following subgroups are preferred: 
5 (1) compounds in which Rs is H, R4 is H or F and Rs is H, For CHa; 

(2) compounds in which Rs is a-CHa or p -Ctb, R4 is H or F and Rs is H, F or CHs; and 

(3) R3isa-OH,p<)Ha<)COCHCborP<X:COia^R4isHorFand 

Particularly preferred compounds are those having one or more of the following structural 
characteristics: 

10 (1) Ri is unsubstituted Ci-O alkyl or chloromethyl, especially when Ri is unsubstituted 
alkyt most especially when Ri is ethyl or metiiyl; 

(2) Xis-O-; 

(3) Z is p -hydrox3nnethylene; 

(4) tiie 1,2-linkage is unsaturated; especially when flie Ra, R4 and Rs variables are the 
15 preferred ones described in the preceding paragraph. Most especially preferred 

derivatives are defined by the structural formulas: 
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wheiein Rii is methyl, ettiyl, isopropyl or cWoromethyl, R31 is a-CHs or P-CH3, Rti is H or F 
and Rsi is H or F, especially when Rai is methyl ethyl or isopropyl. 

Examples of suitable exdpients for use in the present invention are monosaccharides, 
20 disaccharides and polysaccharides and derivatives thereof, for example lactose, sucrose. 
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glucose, maimitol, xylitol, trehalose/ although other suitable exdpients may be used. A 
particularly preferred exdpient is lactose monohydrate. 

One advantage is to provide a medicament containing a soft steroid, preferably etdprenol 
dicloacetate or lotiprednol etabonate, most preferably etiprednol didoacetate, which is 
S suitable for use in a dry powder inhaler. 

Preferably, in each aspect of the present invention the volume mean diameter of the soft 
steroid partides is less than the diameter of the exdpient partides. Preferably, the volume 
mean diameter of the soft steroid partides is more than about 3 times smaller than the mean 
diameter of the exdpient partides. More preferably, tiie voliune mean diameter of the soft 
10 steroid partides is more than about 5 times smaller than the mean diameter of the exdpient 
partides. For example, when the volume mean diameter of the soft steroid partides is less 
than about 10 ym, the volume mean diameter of the exdpient partides is at least about 50 
jiurv preferably at least about 80 fim. 

Preferably, at least about 50% of the soft steroid partides by weight have a diameter less 
1 5 than about lO^m. More preferably, at least about 50% of the soft steroid partides by weight 
have a diameter less tiian about 5 fun. Most preferably, at least about 50% of the soft steroid 
partides by weight have a diameter less than about 3 ^un. . For example, when the soft 
steroid partides have a volimie mean diameter of from about 1.5 to 3 fun, at least 90% of 
those partides by wei^t will have a mean diameter less than about 3 jun. 

20 Preferably, at least about 30% of the exdpient partides by weight have a diameter less than 
100 [om, at least about 50% of the exdpient partides by weight have a mean diameter less 
than 500 |Lim. Preferably, no more than 50% of the exdpient partides by weight have a 
diameter less than about 10 [xm. For example, when the exdpient partides have a volume 
mean diameter of from about 60 to 100 |Lun, about 5 to 15% of those partides by wei^t have 

25 a diameter less than about 10 fun. 

A furtiier advantege is to provide a medicament capable of being delivered via dry powder 
inhalers and having excellent uniformity of dose per delivery. 
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A still fuifher advantage of the pieferied embodiments is to provide improved efficiency in 
the administration of the medicament thereby increasing its therapeutic inde;^ via 
inhalation delivery. 

Advantageoiisly, the lestdting medicament is of decreased toxicity due to the presence of a 
5 soft steroid active compotmd, as compared with the alternatives based upon conventional 
steroids, tiiereby further improving its therapeutic index. 

Another advantage is the improved stability of the medicament due to its incorporation in a 
dry powder formulation. 

Another advantage is that tiie stability of the medicament is improved furflier via its 
1 0 incorporation in a dry powder inhaler. 

Further features and advantages of the presently disclosed formulation and method of 
preparation thereof will become more readily apparent to tihose having ordinary skill in the 
art to which the present disclosure relates to the drawings and detailed description. 

A first embodiment of the present invention provides formulations containing soft steroids, 
15 for example for use as a medicament to be administered via dry powder inhalers to the 
Itmgs to exert either localised or systemic effects, said soft steroids being combined in an 
homogenous blend with a suitable exdpient. 

Preparation of a homogenous blend of the soft steroid particles and exdpient particles may 
be achieved by simply admixing the two partide populations by a technique conventionally 
20 known in the art. Mixing of the particles may typically be effected by diffusive, shear or 
convective mixings preferably by kinetic mixing. 

Tjrpically, a homogenous blend is adueved by micronizing^ or otherwise reducing the 
partides size by tediniques known in the art fhe soft steroid to a known partide size (See 
e.g. Figures 1 and 4), then separately preparing the exdpient partides in a conventional 
25 maimer, to achieve its required partide size (See e.g. Figure 2). The microiuzed soft steroid 
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particles aie then allowed to pass through a mesh with a size of typically about 250 jjm. The 
two populations of particles are then mixed such tiiat the soft steroid partides are generally 
distributed amongst the exdpient partides. Preferably kinetic mixing techniques of the type 
known in the art are used. 

5 Preferred embodiments of tiie present invention contain a concentration of soft steroid 
partides in the range of up to about 50% by wt in relation to the exdpient partides, and 
preferably in the range of about 1 to about 10% and most preferably in the range of about 3 
to about 7%. The even distribution of soft steroid and exdpient partides can be seen in the 
scanning electron micrograph of Figure 3. This may alternatively be assessed by means of 
10 measuring soft steroid concentrations in samples taken from various locations of the blend. 

Preferred embodiments of the invention should contain soft steroid partides with a volume 
mean diameter (VMD) of less tiian about 20 micrometers, preferably contain soft steroid 
partides with a VMD of less than about 10 micrometers and more preferably contain soft 
steroid partides with a VMD of less than about 5 micrometers and most preferably, tiie 
15 average VMD of the soft steoid partides is from about 1.5 to 2.5 micrometers Soft steroid 
partides of tiie required VMD may be obtained by any of micronisation, crystalliation, 
condensation from vapotir, spray drying, freeze drying and any other suitable tedinique 
known in the art. 

Further, preferred embodiments of the present invention should include exdpient partides 
20 with a VMD in the range of about 10 to about 1000 micrometers, and preferably in the range 
from about 15 to about 250 micrometers and most preferably in the range of about 20 to 
about 100 micrometers. Exdpient partides of the correct VMD may be obtained by any of 
micronisation, crystalliation, condensation from vapour, spray drjong, freeze drying and 
any other suitable tedmique known in the art Additionally, different grades of exdpient 
25 may be mixed to obtain the correct range of partide size and it may also be possible to grind 
or mill larger exdpient partides and then fractionate by passing the mix through meshes of 
different size ranges. 
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The volume mean diameter of the partides can be measured by conventional light scattering 
techniques, such as by laser diffraction techniques which are well-known in Ihe art for 
example via the use of a helium neon laser which, when interrupted with a partide flow, 
creates a diffraction pattem on a detector . A computer-encoded algorithm can be used to 
S translate this diffraction pattem to partide size data. 

In a preferred delivered dose of the preferred formulations of the present invention, 10 to 
5000 micrograms of active compoimd will be delivered and preferably 100 to 500 
micrograms, and most preferably about 200 micrograms will be delivered per dose. 

Thus, preferred formulations of the present invention enable delivery via dry powder 
10 inhalers having excellent uniformity of dose per delivery with a high fine partide fraction of 
soft steroid. 

The dry compositions of the present invention are surprisingly stable, in comparison to 
compositions comprising soft steroid and aqueous solvents. For example, a 5 wt % EDA/ 95 
wt% lactose dry mix according to tiie invention (EDA volume mean diameter 1.58 
15 fjm/lactose volume mean diameter 80 fom) was found to be stable for over 1 month at 
40*'C/75%KH. In comparison, solutions prepared by dissolving 2wt % EDA in a) pure 
methanol, b) pure ethanol, c) methanol + 10 wt% water (pH 4.5) and d) ethanol + 10% water 
(pH 4.5), were stable for 2 days, 2 days, 4 days and 4 days, respectively. 

Whilst it is believed that a person of ordinary skill in the art can, by using the preceding 
20 description, utilize the present invention to its fullest extent, the invention shall now be 
further described by way of exemplification, which examples are provided to be merely 
illustrative and not limiting on the scope of the daims. 
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EXAMPLES 

Example 1: 

Preparation of powdered EDA 

A population of etiprednol didoacetate (EDA) particles was prepared for use in tiie present 
5 invention from a coarse material source. The coarse material as supplied was initially 

micronized to provide a powder wherein the population of particles had an average volume 
mean diameter of from 1.5 to 1.7 jinv and then sieved through a 250 pn sieve to produce a 
powder comprising a population of EDA particles having a volume mean diameter of 1.8 
fom^ as determined by a conventional light scattering dry dispersion method using a 
1 0 Ssrmipatec HELOS BF Magic Particle Size Analyser. The scanning electron micrograph of a 
typical batch of micronized etiprednol didoacetate is shown in Figure 1. The partide size 
distributions of several batches of micronized etiprednol didoacetate are shown in Figure 4. 

The powder whidi passed through the sieve was analysed further and found to comprise 
100% of partides having a mean diameter of less than 10 fim, with more than 90 % of 
15 partides having a mean diameter of less than 3 |jm. The powder had a true density of 1.3 
gcm-^ as measured by using a Heliiun Pycnometer. 

Example 2; 

Preparation of powdered lactose 

A population of a-lactose monohydrate partides was prepared for use in the present 
20 invention from a coarse material source. The coarse material was initially crystallized^ milled 
and sieved to provide a powder wherein tiie population of partides had a mean diameter of 
about 80 \mi with about 10% of the partides having a mean diameter less tiian 10 jam. The 
scanning electron micrograph of a typical batch of lactose is shown in Figure 2. The partide 
size distributions of several batches of lactose, as measured by laser diffraction are shown in 
25 Table 1. 
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Table 1* Fartide size distribution distributions of several batches of lactose 



Cumulative % 
undersize 


Batch 1 


Batch 2 


Batch 3 


Batch 4 


Batch 5 


10 pm 


7 


10 


11 


11 


11 


30fun 


17 


20 


19 


19 


16 


60 pm 


48 


35 


36 


30 


31 


90 pm 


78 


55 


58 


49 


58 


174 (un 


100 


97 


97 


96 


99 


250 pm 


100 


100 


100 


100 


100 



Example 3; 

5 Preparation of EDA/lactose blend 

A 2.5 kg blend consisting of 4.7 wt% EDA and 95.3 wt% a-lactose monohydrate was 
prepared by mixing sieved particles formed in Example 1 witii a population of lactose 
particles having a mean particle size of 80 pm and a fine particle concentration (%<10 |Lim) of 
10.5%. The particles were subjected to kinetic mixing in a 61 stainless steel vessel with a ca. 
1 0 50% headspace using a Turbula TlOB for 20 minutes at 32 xpm. The mixture was then passed 
through a 355 pn sieve to form ihe homogenous blend of the present inventioiL Figure 3 
shows the scanning electron micrograph of a typical batch of the blend. 
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Example 4: 

Pharmacentical testing 

Three samples of the homogenous blend were Med into three multi-dose dry powder 
inhalers-Airma^g witti a fill weight range of 0,73-0.77g, thereby to give not less than 200 
S shots from each inhaler. 

The through-life uniformity of delivered dose from each inhaler was tested by discharging 
10 single doses^ 3 at beginning, 4 at middle and 3 at end of device life^ at 4 kPa pressure drop 
across the device in a 41 volume. The dmg that was collected was then recovered and 
analysed using a HPLC assay. 

1 0 The aerodynamic particle size distribution of EDA in the blend was measured using a 
multistage liquid impinger (MSU)/ using the same conditions as in delivered dose 
aecermuuiauxi. xiu: urug ucpusiieu ul ecieii siul^c ui ulc xviol^ wets uicii ic^ovcxcu. miLt 
quantified using HPLC assay. 



1 5 The phannaceutical results of 6 batches of the blend are listed in Table 2. 

Table 2. Mean drug per actuation (DPA), relative standard deviation (RSD) of DPA and fine 
partide fraction (FPF) of etiprednol didoacetate from the Airmax Multidose Dry Powder 



Blends 


DPA (Mg) 


RSD (%) 


FPF(%) 


Batch A 


209 


8 


51 


Batch 6 


205 


8 


58 


Batch C 


191 


11 


65 


Batch D 


199 


11 


59 


Batch E 


203 


9 


55 


Batch F 


192 


8 


60 



20 
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The pharmaceutical data from each inhaler indicated that each inhaler containing the blend 
consistently deliver the target EDA dose per actuation. The relative standard deviation is 
about 8-11%, which is substantially lower than the RSD (ca. 20%) of other dry powder 
inhalers, suggesting that tiie blend leads to precise and accurate dose delivery throughout 
5 the inhaler life. Each batch of blend results in fine particle fraction of typically 50%, which is 
substantially higher than the EPF (ca. 25%) of other dry powder inhalers. Therefore, the 
compositions are Ukely to be very suitable for administration of soft steroids for the 
treatment of asthma. 

Kvannple 

10 Stability Testing 

The Airmax Multi-dose Dry Powder Inhalers containing the homogeneous blend were 
stored unprotected in accelerated conditions, i.e. 40''C/75% relative himiidity for one month. 
The inhalers were then subjected to extensive pharmaceutical testing. 

Table 3 shows the pharmaceutical resvdts of a blend before and after storage at the 
1 5 accelerated conditions for a month. 



Table 3. The stabiUty of a blend after 2 weeks and 1 month storage at 40 %KH:. 



Time point 


MeanDPA/)ig 


%RSD 


FPE/% 


Initial (n» 3) 


191 


11 


65 


2 weeks (n- 4) 


187 


9 


60 


lMon1h(n = 4) 


195 


8 


61 



The resxdts show that the inhalers are as consistent and precise in teams of delivered dose 
uniformity, and as efficient in terms of fine partide jfraction, as the inhalers prior to storage. 
20 There is no deterioration ui the performance of the blend after exposure to the accelerated 
conditions for a month. Therefore, the compositions are suitably stable. 



